Abstract: This paper proposes a novel model for a PV cell with parameters variance dependency on 7 temperature and irradiance included. The model relies on commercial available data, calculates the 8 cell parameters for standard conditions and then extrapolates them for the whole operating range.
The Classical PV Cell Model
The equivalent circuit of a solar cell is investigated in several prior works [12 -38] . It is generally accepted that a PV cell can be modeled by the circuit in Figure 1 , including one [12 -32] , two [33 -35] and rarely three or more diodes [36 -37] . 
52
In Figure 1 , current source models the photo generated current, with a linear dependency 53 on the irradiance. The first diode, , is associated with the diffusion mechanism. The second diode,
54
, is inserted to include the effect of charge recombination. Resistance represents the cell series 55 resistance and resistance the cell parallel (shunt) resistance. Resistance is related to losses in cell solder bonds, wires, junctions and so on and it is usually bellow 1Ω. Resistance is related to 57 the leakage current through the high conductivity shunts across the p-n junction and is usually in the 58 order of ten of ohms to several kΩ. The circuit in Figure 1 can be extended to any combination of 59 seriesparallel cells within a PV module (array). In this paper we shall consider only one diode in the model, , neglecting . The equations will be provided in a general form, while the simulations and experiments will be conducted for a single cell, that is for = = 1.
62
Referring to Figure 1 , according to Kirchhoff's current law (KCL), one can write:
where is the diode reverse saturation current, is the electron charge, is the Boltzmann constant, is the actual silicon temperature and is the ideality factor of the diode.
66
Current linearly depends on irradiation and temperature [15] , [18] :
At the maximum power point, using (1), the maximum power can be derived [22]:
Even in (1) and (3) is considered equal to , a more accurate formula for is [22] :
A good overview of the PV cell performance can be found in [12] , where an empirical formula 
Materials, Methods and Equipment
For our experiments we have chosen a high efficiency low cost monocrystalline Silicon PV solar cell, unmounted in panels [39] . The datasheet of the PV cell offers a limited amount of data, summarized in Table 1 . 
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The data from the datasheet is confusing, as: (Table 1) .
considers the internal PV temperature as an independent parameter and plots the I-V family curves 104 for different temperatures. This aspect will be covered in the subsequent sections. It has to be stressed 105 out that the exponential nature of equation (1) determines that a small variation in any of the terms 106 involved in the exponential term to substantially modify the final result. This aspect will be addressed in sections 5 and 6.
Solving the Equations for the Classical PV Model
The method introduced here is an extension of the method proposed by Villalva et al. In our case, using the values taken from the datasheet for = = 1, it results that:
These limits are important to set reliable ranges for the algorithm. The final results are listed in 
123
Here (9) yields = 0.7 Ω, quite far from its actual value (3.8 mΩ). 
Parameters variation for different conditions
134
The parameters in equations (1) - (4) 
in (10) yields a very good result of 1.3969 nA vs 1.39427nA obtained in Table 2 .
Gow and Manning [15] were among the first to claim that:
The temperature dependence of this current is more detailed expressed by [16] , [20]:
where is the bandgap voltage of the semiconductor ( = 1.1 … 1.3 for Si at 25 °C).
145
, can be derived from (1) at the reference temperature as: Table 1 .
157
In contrast, Kim et al.
[23] define the variance for for silicon to be:
Both (16) and (17) fit in the [1.1 … 1.3V] interval specified when equation (12) was introduced.
In our approach shown in Figure 3 , we adopted the Van Zeghbroeck proposal because it will finally 
In our case, = 11 mΩ (while = 3.8mΩ, as it will later be shown).
temperature. Obviously, reducing yields an increase in the output current.
A PV Cell model is also available in MATLAB Simscape [52] . It consists of the same circuit as in Figure 1 , where the user can choose between:
176
• An 8-parameter model, where equation (1) describes the output current
177
• A 5-parameter model that neglects in Figure 1 and the value of the shunt resistor is infinite.
Both models adjust the resistance values and current parameters as a function of temperature.
Resistance is assumed to be given by (19):
where is the temperature exponent for . is 0 by default and when modified has to be 181 positive.
182
Figure 4 summarizes all these above dependencies. In order to have the results in the same range, 
where | | = | |. 
191
The linear law (21) was adopted for and we chose = −0.01K , again for the best fit.
approximation for : 
where is the temperature exponent for . is 0 by default and when modified has to be 209 positive. 
The results for are summarized in Table 3 , with a very good correlation between (25), (26) and (28). This is the reason we have adopted the Villalva value of 1.2034. 
From the data plotted in their work, the following law can be adopted:
Such approach must be taken with extreme care, as it is a common practice to operate often at 246 temperatures higher than 48°C, where (29) yields = 1 (or 0 at 100°C)
which has a wrong slope. For a proper variation and should be reversed as follows:
250
Our experiments presented in Figure 6 yielded a different result, closer to reversed Soto (31), 
258
The internal temperature of the PV was of permanent concern for the researchers 
281
Even (34) is not necessary for the model, it is another starting point for computing . 
The New Proposed PV Cell Model
283
The proposed model is presented in Figure 8 . The upper section consists of standard elements,
284
while the thermal modeling is ensured by the lower section. Here the current source labeled 
293
The practical LTSpice model implementation is depicted in Figure 9 . The upper circuit addresses 
299
The thermal parameters and were extracted from experimental data. After a set of data was acquired, the temperature against time curve variation was fit and the time constant and the 301 steady state value were determined. Unlike Górecki and Krac [54 -56], we considered no dissipated 302 power occurs in the BD2 current source of the model in Figure 9 , as it makes no physical sense. 
317
The final validation of the model is presented in Figure 11 and 
333
determines an increase in the output current and power (b) has no significant influence on the performance.
334
PV arrays compared (Table 5) All the data from Table 5 was processed with the above proposed algorithm and the results are 340 listed in Table 6 , along with similar results from other researchers. 341 342 343 344 
347
The final validation of the model was by applying the introduced model and computation 
